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Photoluminescence of SPS-processed transparent Ce:YAG ceramics
Introduction
Avital Wagner, Barak Ratzker, Sergey Kalabukhov and Nachum Frage
Cerium doped YAG (Ce:YAG) is widely used as a yellow phosphor in white light emitting diodes (LEDs). Transparent Ce:YAG ceramic phosphors are excellent candidates for high-
powder lighting applications. However, a typical sintering process requires two or more stages, which involve high temperatures (1500-1800°C) and long dwell times (~20 hours)
under vacuum. The purpose of the present work is to apply a spark plasma sintering (SPS) densification technique for fabrication of dense, highly transparent polycrystalline
Ce:YAG and study the effect of different conditions and treatments on the photoluminescence (PL) intensity and external quantum efficiency (EQE).
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Materials and methods
Optical properties of 0.5 at.% Ce:YAG
• 0.5% Ce-doped YAG powder was prepared using a co-precipitation (sol-gel) method.
• The precipitant was freeze dried (-45°C and 0.1 mbar).
• Fine amorphous powder was obtained and subsequently partially calcinated at 750°C for 10 h.
• 0.25% LiF was added as a sintering additive.
• SPS sintering conditions:
Temperatures - 1200 or 1300 °C
Heating rate - 100°C/min
Dwell time - 1.5 or 2 h
Pressure - 60 or 300 MPa (conventional or high pressure SPS)
• Post sintering treatments: (i) heat treated in air, 1000°C, 1 h (ii) hot isostatic pressing (HIP) in Argon, 1500°C, 2 h, 200 MPa.
Characterization
• X-ray diffraction.
• Electron and confocal laser 
scanning microscopy (SEM and 
CLSM).
• UV-VIS spectrophotometer (in-line 
transmission spectra).
• Spectra-fluorometer 
(photoluminescence spectra, 
fluorescence lifetime and external 
quantum efficiency).
Powder after 
calcination
After sintering by SPS at 1300°C, all
samples were mirror-polished. One side of
each sample was uniformly grated with
different abrasive silicon carbide (SiC)
grinding papers (120, 320, 600, 1200, 2500
and 4000 grit). The treatment created surface
grooves ranging from the nano- to the
microscale. (Ra = Average roughness)
PL (both intensity and diffusivity) and EQE
increased significantly with increasing surface
roughness by 60 and 100%, respectively.
Ce+3 ions present two absorption bands in the ultraviolet and blue light regions centered at 340 nm
and 460 nm, respectively, and a broad emission band (centered at 530 nm) corresponding to green-
yellow light. A fluorescence decay curve was collected and the lifetime (τL) was calculated.
CLSM images provided information about porosity distribution, average
pore size (dp) and total residual porosity volume fraction (VF) in samples
fabricated by different procedures.
VF = 0.066%
dp = 250-300 nm
VF = 0.006%
dp = 150-200 nm
VF = 0.012%
dp = 250-350 nm
VF = 0.009%
dp = 250-300 nm
VF = 0.003%
dp = < 150 nm
PL and EQE were inversely proportional to in-line transmittance. Smaller
average pore size caused increased Rayleigh scattering, while increased
residual porosity volume fraction led to more pronounced Mie scattering.
Scattering centers are detrimental to in-line transmittance, yet for PL and
EQE
• Highly pure Ce:YAG powder was synthesized by a sol-gel method and spark plasma sintering
was successfully employed to fabricate dense, highly-transparent Ce:YAG ceramics at 1300°C.
• By controlling residual porosity and surface roughness, it is possible to fine-tune in-line
transmittance, photoluminescence intensity and external quantum efficiency of a ceramic
phosphor to fit blue LEDs with various power outputs.
The microstructure of the samples sintered by SPS at various temperatures or
pressures are presented below.
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the extended optical
path of the excitation light
led to increased probability
of excitation and emission.
